ABSTRACT. This study evaluated the effect of different protein sources (soybean meal, cottonseed meal, peanut meal and sunflower meal) on dry matter and nutrient intake, productive performance and body measurements of dairy heifers, Holstein x Zebu, recreated in confinement. The experiment consisted in a randomized complete block design made up by 6 replications and 4 treatments. The mean values of ingestion of ether extract (EEI, kg day -1 ) were statistically different (p < 0.05). The neutral detergent fiber intake (NDFI, %BW) also presented differences (p < 0.05), with higher values in the diet containing sunflower meal (1.01% BW) in relation to the diet with soybean meal (0.84% BW). The average daily weight gain using the diet with soybean meal was superior (0.95 kg day -1 ) to the diet with sunflower meal (0.82 kg day -1 ), and considering the final body weight, the diet with soybean meal was superior to the other treatments (p < 0.05). The heart girth presented greater association with body weight (0.93). The soybean meal promoted the best productive performance of crossbred Holstein x Zebu heifers fed diets based on sugarcane. However, cottonseed meal, peanut meal and sunflower meal can be possible alternatives to soybean meal.
Introduction
Replacement heifers are the basis of any dairy exploitation system, and in Brazil they have an important participation in the production cost. Herd breeding is possible when older cows are replaced by better fed, healthy and genetically superior animals; however, dairy replacement heifers require adequate amounts of protein in the diet which enable healthy growth (HOFFMAN et al., 2001) .
Aiming this healthy growth, nutrition is one of the aspects that should be monitored very carefully. In this sense, sugarcane becomes a very attractive alternative, once this roughage is no longer discriminated by the low protein content and has gained the status of energetic forage. However, the sugarcane itself is not enough to allow weight gain in animals, so the adoption of concentrate is necessary, thus making up a complete diet so as to correct the low protein content presented by this Acta Scientiarum. Animal Sciences Maringá, v. 35, n. 3, p. 273-279, July-Sept., 2013
forage (MOTA et al., 2010) . Soybean meal is the protein concentrate commonly used in dairy farming for being a feedstuff of proven high nutritional quality. Nevertheless, there is a growing interest from producers in information about alternative feeds, which can partially or totally replace the traditional ones, bringing reduction in the cost with feeding, as a consequence (QUEIROZ et al., 2012) . Another important point to be checked during the growth of heifers is the body development. Linear measurements as height and heart girth constitute the physical parameters of the animal (ROCHA et al., 2003) that help in decision making, regarding the management of this category.
Based on the above, the objective of this study was to evaluate the nutrient intake, productive performance and body measurements of feedlot dairy heifers fed diets based on sugarcane and different protein sources (soybean meal, peanut meal, cottonseed meal and sunflower meal).
Material and methods
The experiment was conducted in the feedlot (digestibility sector) of São Paulo State University, Campus Jaboticabal. Twenty-four crossbred Holstein x Zebu dairy heifers of initial body weight (BW) of 211.12 kg ± 25.65 kg and 16 months of age were housed in individual 10 m 2 stalls partially covered, with concrete floor and provided with common drinkers for every two stalls and individual troughs, so as to allow individual animal feeding.
Heifers were grouped by weight (blocks) and subsequently distributed in the treatments at random, according to the feed supply. The experiment was composed of 28 days for adaptation to the facilities, management and experimental diets (the diets supplied during the adaptation period were the same as the experimental diets) and 84 days (three periods of 28 days) for data collection.
The diets were prepared according to the recommendations estimated by the Cornell Net Carbohydrate and Protein System with the aid of diet formulation program RLM ® /Esalq-USP (2009). The estimation of weight gain was done considering an average feed intake of 2.36% of body weight (BW), mean value of 0.80 kg day -1 . The sugarcane utilized as exclusive roughage was the variety SP80-2015, harvested manually every two days and shredded daily as a supply for the animals. The concentrates were composed of ground corn grains, mineral supplement, urea and different protein sources (soybean, cottonseed, peanut and sunflower meals). The chemical composition of the protein sources and sugarcane are presented in Table 1 . All experimental diets had the same level of protein and were supplied at a roughage:concentrate ratio of 60:40, on a dry matter basis. Experimental treatments were: SBM -diet containing 60% sugarcane and 40% concentrate based on soybean meal; CSM -diet containing 60% sugarcane and 40% concentrate based on cottonseed meal; PMdiet containing 60% sugarcane and 40% concentrate based on peanut meal; SFM -diet containing 60% sugarcane and 40% concentrate based on sunflower meal. The percentage of ingredients and chemical composition of the diets are presented in Table 2 .
In the morning feeding (7:00am), animals received all the roughage and 50% of the total concentrate, whereas in the afternoon feeding (3:30PM), the remaining concentrate was provided and mixed to the feed present in the trough to stimulate consumption. Consumption was monitored to allow leftovers of 10% of the total supplied and for so, the amount of feed supplied was weighed daily and the leftovers from each animal were weighed at every three days to determine the nutrient intake.
At the end of each experimental period, a composite sample of feed supplied and leftovers per animal was formed and stored at -15ºC. After thawing, samples of feed and leftovers were dried in forced air oven at 55ºC and ground in a knife mill with 1 mm screen sieve (AOAC, 1990) . Samples were subjected to the analyses of dry matter (DM), organic matter (OM), ether extract (EE), mineral matter (MM) and nitrogen (N) according to the AOAC (1990), described by Silva and Queiroz (2002) , and for conversion into crude protein, the correction factor 6.25 was used.
Neutral and acid detergent fibers (NDF and ADF, respectively) were determined with the samples subjected to digestion in neutral and acid detergent solutions, respectively, described by Van Soest et al. (1991) , according to a methodology described by Senger et al. (2008) . The lignin was determined by the techniques described in Van Soest et al. (1991 The OM content was calculated by the difference between DM and MM, whereas the concentrations of total carbohydrates (TCHO) and non-fibrous carbohydrates (NFC) were obtained according to the methodology described by .
At the end of the adaptation period and every 28 days, after fasting (solids) for 15 hours, animals were subjected to individual weighing for the determination of the average daily weight gain (average daily gain in kg day -1 ) and of the body measures height at the rump (HR), height at the withers (HW) and heart girth (HG). The coefficients of feed conversion (kg of weight gain kg -1 of DM ingested), feed efficiency (kg of DM ingested kg -1 of weight gain) and protein efficiency (kg of weight gain / kg of CP ingested) were calculated through the data about the consumption of dry matter and crude protein associated with the values of average daily gain. The mean initial and final weights were obtained by the arithmetic mean weight (kg) of the animals in the first and last days within the period of data collection.
Measures were obtained with the aid of a standard measuring tape and animal measuring stick, according to recommendations of Cyrillo et al. (2001) . Evaluations were carried out through equations for prediction of the body weight, proposed by Heinrichs et al. (1992) , based on variables heart girth and height at the withers, respectively denominated H1 (BW = 102.71 -2.876HG + 0.02655HG²) and H2 (BW = 632.13 -16.837HW + 0.11989HW²), and two other equations proposed by Reis et al. (2008) , based on variables heart girth and height at the rump, denominated R1 (BW = 1717 -35.167HG + 0.23897HG² -0.0004626HG³) and R2 (BW = 7581 -4.151HG -180.201HR + 0.024932HG² + 1.456103HR² -0.00383079HR³).
The data on productive performance, body measures and nutrient intake were subjected to analysis of variance, by utilizing the command PROC GLM of the software SAS (2003), adopting the significance level of 5%. Weight and initial measures were used as co-variables for the analyses of the productive performance and body measures variables, respectively. Pearson's correlation coefficients and body measures were calculated through command CORR, with 1% probability. Associations were considered weak up to the value of 0.40; medium associations from 0.41 to 0.70; and strong associations, above this value. The responses in weights estimated by equations H1, H2, R1 and R2 were compared to the weight observed by the Dunnett test using the software SAS (2003), with significance level of 5%, not considering the treatments, given the lack of differences in body measurements.
Results and discussion
The intake of dry matter (DMI), crude protein (CPI), mineral matter (MMI), organic matter (OMI) and neutral detergent fiber (FDNI), in kg day -1 , had not differ (p > 0.05) between the animals that received the diets containing different sources of the evaluated protein (Table 3) . However, the mean values of ether extract intake (EEI, kg day -1 ) presented statistical differences, in which the animals fed the diet with soybean meal (0.09 kg day -1 ) were superior to the other treatments; and in those which received the diet with cottonseed meal (0.07 kg day -1 ), the EEI was superior to the diet with sunflower meal (0.05 kg day -1 ) and was not different (p > 0.05) from the diet with peanut meal. The variation in EEI was coherent with the concentration of this nutrient in the diets, which presented contents of 1.11; 0.99; 0.90 and 0.80 %DM in the diets containing soybean meal, cottonseed meal, peanut meal and sunflower meal, respectively.
The average of DMI in kg day -1
and %BW were 7.62 and 2.66, respectively. These values are above the estimated for the feed formulation used, which estimated average intakes of diets at 2.36% body The results obtained in this study were higher than found by Queiroz et al. (2012) that obtained means of 4.8 kg dry matter per day and 2.1% for BW for diet composed of 70% forage and 30% concentrate, on a dry matter basis, which contained 13 % crude protein, using sugar cane as forage for feeding dairy heifers, Holstein x Gir, with averaging 250 ± 50 kg of body weight and 19 months of age.
Likewise, EEI and NDFI, described in percentage of body weight (%BW), also presented differences (p < 0.05). Since the inclusion of sugarcane was equal in all the diets (60% in the DM), the differences observed in NDFI and EEI (%BW) were caused by the difference in the concentrations of neutral detergent fiber (NDF) and ether extract (EE) in the concentrates studied due to the protein sources ( Table 2) .
The average daily gain (ADG) presented significant difference between the different protein sources studied (p < 0.05) ( Table 4 ). The ADG of animals fed diet with soybean meal was not different from the animals fed cottonseed and peanut meals, but was superior to those receiving the diet with sunflower meal (p < 0.05). The animals fed diet containing soybean meal have gained more weight than animals fed the other diets, and this result is a direct consequence of the dry matter intake of this diet. However, it should be noted that statistically there was no difference in the average daily gain between animals that consumed the diets that contained soybean meal, cottonseed meal and peanut meal.
The ADG values obtained in the diets were above the average gain estimated by the NRC (2001), which was of 0.80 kg day -1 with an average intake of 2.36% BW, provided by the diet formulation program RLM ® /Esalq-USP (2009). This can be explained by the initial average body weight condition of the experimental animals, which was 211.12 kg ± 25.65 kg at 16 months of age on average, in the adaptation period. This age is within the interval (15 to 18 months) in which these animals should already present the suitable weight for mating, which is from 270 to 290 kg, for Girolando heifers. Mean values followed by the same letter in the row are not significantly different by Tukey's test (α = 5%). P = probabilities; CV = coefficient of variation. 1 SBM -diet containing 60% sugarcane and 40% concentrate based on soybean meal; CSM -diet containing 60% sugarcane and 40% concentrate based on cottonseed meal; PM -diet containing 60% sugarcane and 40% concentrate based on peanut meal; SFM -diet containing 60% sugarcane and 40% concentrate based on sunflower meal. Mean values followed by the same letter in the row are not significantly different by Tukey's test (α = 5%). P = probabilities; CV = coefficient of variation. 1 SBM -diet containing 60% sugarcane and 40% concentrate based on soybean meal; CSM -diet containing 60% sugarcane and 40% concentrate based on cottonseed meal; PM -diet containing 60% sugarcane and 40% concentrate based on peanut meal; SFM -diet containing 60% sugarcane and 40% concentrate based on sunflower meal. Thus, probably the experimental animals were under malnutrition conditions, and this nutritional state causes accented growth or high gains in weight when they have access to adequate feeding, characterizing what is known as compensatory gain. During this stage, the animals increase the energy utilization efficiency and reduce the maintenance requirements and alterations in the body composition, compared with animals fed unrestrictedly (FONTES et al., 2007) . The extension of the period of compensatory gain will depend on the degree and duration of the restriction period and on the diet in the re-feeding period. In this sense, the adaptation period was not enough to make up for the malnutrition condition, in which the animals were found. Typically, the expected period of compensatory growth is from 60 to 90 days (NRC, 2001) .
Analyzing data from the literature concerning the association between the weight gain in the prepubertal and production stages, Zanton and Heinrichs (2005) verified that the gain of 0.8 kg day -1 obtained the best result for milk production at first lactation. The authors claimed that gains above this level concentrate more quantity of fat tissue in the mammary gland, reducing the milk production at the first lactation and also at the subsequent ones. Nevertheless, it must be considered that in other studies, no negative effect from feeding was observed in the pre-pubertal period and during milk production ( VAN AMBURGH et al., 1998; SEJRSEN et al. 2000; FORD; PARK, 2001) . In this way, the weight gain obtained in this study (0.875 kg day -1 ) may not cause problems in future lactations of these heifers.
The protein sources had no influence (p > 0.05) on the feed efficiency (FE), feed conversion (FC) or protein efficiency ratio (PER) of the animals ( Table  4) Considering the P values for the variables FE and FC, we can verify values of around 0.06, which demonstrates a trend of the results obtained with the animals fed diets containing soybean meal to be superior to those obtained with animals fed other protein sources.
The results of FC, FE and PER, associated with the results of ADG, demonstrated that the protein sources can be used in the formulation of concentrates associated with diets that utilize sugarcane as roughage, since they allow adequate productive performance for growing dairy heifers. Besides that, the results of weight gain and final weight indicated that the soybean meal presented the best result compared with the other protein sources. However, the other sources can be considered possible substitutes of soybean meal.
The mean height at the withers (HW), height at the rump (HR) and heart girth (HG) were 117.16 cm, 125.00 cm and 157.98 cm, respectively (Table 5 ). Body weight must be assessed along with linear measures (HW and HR) and measures of muscle growth (HG) so that reliable results are obtained for animal size, the feeding strategy adopted and physiological maturity (ROCHA et al., 2003) . Furthermore, production systems that involve the weaning and growth phases need to take into account the adult size of females when the final goal is the maximization of the economic return of the activity. Mean values followed by the same letter in the row are not significantly different by Tukey's test (α = 5%). 1 SBM -diet containing 60% sugarcane and 40% concentrate based on soybean meal; CSM -diet containing 60% sugarcane and 40% concentrate based on cottonseed meal; PM -diet containing 60% sugarcane and 40% concentrate based on peanut meal; SFM -diet containing 60% sugarcane and 40% concentrate based on sunflower meal.
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The descriptive statistics and Pearson's correlations between the body measurements and body weight of the animals evaluated are listed in Table 6 . The mean values of observed weights and weights estimated by regression equations and from different authors are presented in Table 7 . HG was the body measurement with the highest degree of association (0.93) with body weight (p < 0.01). These results corroborate recent studies that have demonstrated that the greater the HG of the animal, the heavier it is, and this measurement can be employed as an indicator of body weight (MENEZES et al., 2008; REIS et al., 2008) .
The measures HW and HR also presented high correlations, 0.77 and 0.73 respectively, with body weight (p < 0.01). Thus, we can infer that these height measurements have a direct association with the growth of animals, and consequently, with body weight.
The variables HW and HR also presented high correlation (0.88) (p < 0.01), and this pointed out that there is no need to perform these two measurements to evaluate the body weight of heifers.
The weight value observed was 246.82 kg and the weight values estimated by equations EWR1; EWR2; EWH1 and EWH2 were 258.35; 255.44; 269.23 and 285.25 kg, respectively. Statistical differences between the estimated weights and the observed weight were observed only for equations EWH1 and EWH2 (p < 0.05); probably attributed to the utilization of Holstein heifers rather than crossbred animals at the elaboration of the equations proposed by Heinrichs et al. (1992) .
The weights estimated by equations EWR1 and EWR2, proposed by Reis et al. (2008) , had no statistical difference from the weight observed; this because the authors elaborated the equations based on a representative sample of 469 crossbred heifers, especially Holstein/Gyr. Meanwhile, according to Rocha et al. (2003) , in crossbred animals there is no standardization of weight and size, unlike what occurs with purebreds, which have a standard for size and height of the breed.
Moreover, in equation EWR2 there are two variables at the estimation of BW (HG and HR). Therefore, values closer to the observed weight were verified, because when height measurements are used to estimate the body weight, one considers the size of the animal. These results corroborate Menezes et al. (2008) , who indicated the height at the rump as the most convenient method for describing the skeletal size of bovine, since this measurement is more precise than height at the withers, because of the animal position, which must be appropriate.
Our results evidenced that the correlations of measurements and body development of heifers with different blood degrees are different and that the equations proposed for the prediction of body weight must be differentiated.
Conclusion
Soybean, cottonseed and peanut meals are superior to sunflower meal in the productive performance of crossbred Holstein x Zebu heifers fed diets based on sugarcane and different protein sources. The intake of ether extract and neutral detergent fiber differs among different protein sources due to the concentration of these nutrients in the studied concentrates.
The heart girth is the measure with the greatest degree of association with the live weight of the animals, and equations to predict the body weight based on the heart girth are more accurate in relation to equations based on other linear measurements.
